Volume 7, Number 5 (May 1983) by The Solar Ocean Energy Liaison
Nova Southeastern University
NSUWorks
The OTEC Liaison NSU Digital Collections
5-1-1983
Volume 7, Number 5 (May 1983)
The Solar Ocean Energy Liaison
Follow this and additional works at: http://nsuworks.nova.edu/nsudigital_otec-liaison
Part of the Energy Policy Commons, Environmental Studies Commons, Natural Resources
Management and Policy Commons, Oceanography Commons, Oil, Gas, and Energy Commons,
Science and Technology Studies Commons, and the Water Resource Management Commons
This Newsletter is brought to you for free and open access by the NSU Digital Collections at NSUWorks. It has been accepted for inclusion in The
OTEC Liaison by an authorized administrator of NSUWorks. For more information, please contact nsuworks@nova.edu.
NSUWorks Citation
The Solar Ocean Energy Liaison, "Volume 7, Number 5 (May 1983)" (1983). The OTEC Liaison. Paper 68.
http://nsuworks.nova.edu/nsudigital_otec-liaison/68
Solar 
OCEAN ENERGY 
Liaison 
COLD-WATER-PIPE MODEL 
COMMISSIONED IN HAWAII 
The Department of Energy's cold-water-
pipe (CWP) scale-model, at-sea test project 
got under way with commissioning cere-
monies April 4th in Honolulu, Hawaii. The 
400-foot-long, 8-foot-diameter fiberglass-
reinforced-plastic (FRP) pipe, the longest 
of its kind ever deployed, will be towed to 
a site about two miles from Waikiki and 
suspended from the same barge used in 
the historic Mini-OTEC project. The test 
is part of DOE's OTEC program, but is 
being managed by NOAA's Special Projects 
Office. The prime contractor is the Hawai-
ian Dredging and Construction Company. 
The overall objectives of this program 
are to demonstrate the technology of de-
sign, fabrication, transportation, deploy-
ment, and operation of a large-scale FRP 
CWP, and to collect data for validating the 
existing CWP design methodology. 
Phase I has met its objectives of testing 
design and fabrication procedures for F R P 
pipe. The current Phase " has the follow-
ing objectives: to demonstrate fabrication 
of a large-diameter, thin-walled sandwich-
construction F RP-pipe test article; to ver-
ify the NOAA-developed methodology for 
design of the OTEC CWP; to demonstrate 
the installation of factory-applied and 
field-applied joints between FRP pipe 
sections; to demonstrate launch, deploy-
ment, operation, retrieval, and recovery 
procedures and conduct structural analysis 
of a large-diameter suspended CWP; to 
measure CWP responses and oceanographic 
variables employing an instrumentation 
measuring system; and to investigate pipe-
material properties after exposure at sea. 
The pipe was fabricated in Washington 
State, transported to Hawaii in 80-foot 
sections, and assembled on shore in Hawaii. 
The walls of the pipe are 1. 99 inches th ick, 
with inner and outer FRP skins 0.37 inches 
thick each and a syntactic-foam core 1.25 
inches thick. The foam and FRP weigh 
342 pounds per linear foot in air and 28 
pounds per linear foot in water. The entire 
weight to be lifted, including steel sections 
and fittings, is 169,300 pounds in air and 
38,700 pounds in water. 
The pipe will be towed to the site and 
deployed for about a month, during which 
pipe-behavior, wave, and current data will 
be collected. A gimballed connection will 
be used to affix the pipe to the barge. The 
pipe is fully instrumented with 56 strain-
gage stations, 12 pressure transducers, and 
20 motion and direction sensors. Instru-
ment output will be transmitted to a com-
puterized data-acquisition system on the 
barge. 
This project was originally envisioned 
as being a test of a CWP which would be 
one-third the size of a 3,000-foot-long, 
40-foot-diameter CWP for a 40-megawatt 
pilot plant. Budget constraints reduced the 
size of the CWP to its present scale, how-
ever the model is close to being one-third 
the diameter of the CWPs currently pro-
posed for 40-megawatt plants, those being 
about 27 feet across. 400 feet is also con-
sidered a sufficient length to fulfill the ob-
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OTEC IN JAPAN: 
MOVING AHEAD 
(Note: The Japanese OTEC program 
was initiated in 1974 under the auspices 
of the Government's "Sunshine Project". 
Since that time, research organizations, 
universities, and corporations have worked 
with government support to develop OTEC 
technology. Bolstered by the positive re-
sults of experiments, tests, and demon-
strations, the Japanese OTEC program 
continues to progress toward commer-
cialization. The following article is the 
first in a two-part series updating the 
status of OTEC development in Japan. 
This segment will examine several dem-
onstration projects, and Part 2, appearing 
next month, will discuss heat-exchanger 
development.) 
The construction and operation of the 
100-kilowatt (gross) OTEC test facility on 
the island of Nauru in 1981 significantly 
increased the momentum of the Japanese 
OTEC program and furnished a much-
needed data base for the design of com-
mercial-scale pilot plants. A second test 
facil ity, 50 kilowatts gross, has been op-
erating successfully since September 1982 
on Tokunoshima near the island of Kyushu. 
The land-based facility, built by the Kyu-
shu Electric Company, uses warm seawater 
enhanced with waste heat from a diesel 
(continued on Page 3) 
jectives of the study. 
OE will report the results of the deploy-
ment, recovery, and data analysis as the in-
formation becomes available. 
(Addendum: The 'CWP was successfully 
deployed on April 22nd.) 
The CWP on the dock in Hawaii. The Mini-OTEC barge is in the foreground. 
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FY '84 BUDGET ACTION 
Despite the Administration's no-budget 
request for OTEC, action is under way in 
Congres'S to fund OTEC programs in FY 
'84. 
On the House side, a bill has been in-
troduced to fund OTEC at $8.5 million. 
The objective of this proposed budget, 
according to Chairman Don Fuqua's tes-
timony before the Appropriations Com-
mittee, is to redirect the OTEC program 
toward the development of open-cycle 
systems, which are viewed as more effi-
cient and less costly than closed-cycle 
systems due to the el imination of the 
heat-exchanger components. 
The $8.5 million is broken down into 
three sub-programs . $5 million would be 
allocated for design and construction of 
a one-megawatt open-cycle plant at an 
unnamed shore-based site to provide the 
design, technology, and operating exper-
ience needed to assess the costs and per-
formance of the open cycle . $2 million 
would go to the Natural Energy Labora-
tory of Hawaii for the installation of up-
graded seawater pipes and pumps. $1 . 5 
million would be allocated for studies to 
examine the potential application of the 
OTEC concept to low-temperature energy 
sources such as geothermal and power-
plant bottoming cycles. The House Sub-
committee on Energy Development and 
Applications has passed the bill, which is 
now in the ful·1 House Science and Tech-
nology Committee for mark-up, with pas-
sage expected . 
In the Senate, the Energy Committee 
have reported to the Budget Committee 
that they expect to introduce legislation 
authorizing OTEC funding for FY '84. 
No amounts were specified in the report, 
though a figure of $10 million was being 
discussed. A staff member has told OE 
that that figure is no longer operative, 
though there is no indication whether the 
figure now under consideration is higher 
or lower. Senator Spark Matsunaga is ex-
pected to introduce a budget bill shortly. 
COAST GUARD PUBLISHES 
OTEC REGULATIONS 
Pursuant to the ·OTEC Act of 1980, the 
US Coast Guard has issued its regulations 
for OTEC facil ities for the purpose of pro-
moting the safety of life and property at 
sea and protecting the marine environment. 
The rules primarily reference existing reg-
ulations, but also establish some new re-
quirements for features unique to OTEC 
plants . Comments on the proposed rules 
were received from nine corporations, in-
stitutions, and govern ment agencies on 
fourteen top ics, but a public hearing was 
neither requested nor held . 
The scope of the regulations covers 
pollution prevention, navigation safety, 
documentation, design, inspection, and 
manning. The regulations have been for-
mulated so as to minimize the regulatory 
burden on, and hence the cost of, OTEC 
ventures. Several commenters took issue 
with that point, stating that compliance 
would increase the economic burden on 
the emerging industry. The Coast Guard's 
response was that "the marginal cost of 
compliance would be less than 1 % of the 
total capital investment". 
The Coast Guard also stated that the 
regulations would not have a significant 
economic impact on a substantial number 
of small entities, since "no more than ten 
OTEC facilities are anticipated in the fore-
seeable future, and the cost of each facility 
will be such as to preclude participation by 
all but the major energy companies and 
consortiums ". I n any case, if the econom ic 
impact proves to be restrictive to the em-
ergence of small, entrepreneurial OTEC 
ventures, the regulations may be revised 
under the periodic review called for by 
the OTEC Act. 
The regulations were published in the 
April 11th issue of the Federal Register 
(Volume 48, Number 70, Pages 15469 to 
15475). Further information can be ob-
tained from Lieutenant Thomas M. Curelli, 
Office of Merchant Marine Safety, Room 
1306, USCG Headquarters, 2100 2nd Street 
Northwest, Washington DC 20593, (202) 
426-2187. 
Frank McHale of Hawaii Dredging and Construction (left) and 
Joe Vadus of NOAA (right) discuss the CWP behind them. 
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(continued from Page 1) 
generator and cold water from 300 meters 
deep to achieve a delta-T of 250 Centi-
grade. A 25-kilowatt net output has been 
obtained from the plant, which is operated 
only eight hours a day. The titanium-plate 
heat exchangers are designed to last the 
two-year demonstration I ife of the plant. 
The polyethylene cold-water pipe is 
2400 meters long and 23 millimeters thick, 
and has an inner diameter of 0.5 meters. 
The pipe is divided into four parts along 
its length. The first section emerging from 
the concrete landfall is 200 meters long 
and is encased in a 0.9-meter-diameter 
coaxial steel pipe. The pipe is entrenched 
in the seabed and covered with gravel and 
rocks about one pipe-diameter thick. The 
diameter of the steel casing and the degree 
of overburden decrease in the second sec-
tion, which is 260 meters long. In the third 
section, 240 meters long, the steel casing is 
reduced to 0.7 meters in diameter. There 
is no gravel overburden, but the pipe is 
covered with about 25 millimeters of con-
crete. In this section, the pipe does not 
make continuous contact with the rela-
tively rugged terrain. The final section, 
1700 meters long, is uncovered and un-
protected. Further data on this plant will 
be published as it becomes available. 
In late March, rumors began to reach 
OE from several sources that a second 
Nauru project of commercial scale was 
under way. Upon further investigation, 
the staff of OE learned that a 10-megawatt 
(gross) land-based plant has been designed 
for Nauru, but that no further progress has 
been made on the project. According to 
Mr. Fumio Ito of the Tokyo Electric Power 
Corporation, Program Manager of the ini-
tial Nauru project, "the Government of the 
Republic of Nauru has not made the deci-
sion [to go ahead with the larger plant], 
although they have shown an interest in a 
commercial plant." 
At a UN conference in November 1982, 
Mr. Ito revealed the conceptual design of 
the 10-megawatt (gross) commercial plant 
formulated on the basis of their experience 
with the first Nauru facility. According to 
Mr. Ito's report, the larger facility would 
involve a three-year program of design and 
construction. The land-based plant would 
cover an area of 7100 square meters (about 
two acres) and produce a net output of 
5.2 megawatts. 
A general description of the 10-mega-
watt design is shown in Table 1, and the 
heat balance throughout the system is 
illustrated in the schematic diagram. Of 
particular interest in the second-genera-
tion Nauru design is the seawater system, 
which avoids the use of any pipes. The 
cold-water pipe of the initial plant was 
severely damaged by a typhoon, and con-
sequently the proposed design involves 
using tunnels 6 and 12 meters in diameter 
for the cold-water intake and mixed dis-
charge respectively. The cold-water system 
would extend to a depth of 600 meters, 
however whether the entire length or just 
(continued on Page 4) 
Type Axial flow impulse type 
Rated output 5000kW/set 
" 
No. of sets 2 
Vapor pressure 10.6 ata 
Freon turbine (At evaporator outlet) 
Vapor temperature 24.5°C (At evaporator outlet) . 
Vapor flow rate 3150 t/h 
Revolutions 750 rpm 
Type Air-cooled, three-phase synchronous generator 
Output 5000kW/set Generator 
No. of sets 2 
Revolutions 3000 rpm 
Type Horizontal shell and tube type 
Evaporator No. of sets 8 
Warm water flow rate 11;000 t/h per set 
Type Vertical shell and tube type 
Condenser No. of sets 8 
Cold water flow rate 10,700 t/h per set 
Warm water Type Vertical slant type 
pump No. of sets 4 
Flow rate 350 m3 /min per set 
Cold water Type Vertical slant type 
pump No. of sets 4 
Flow rate 350 m3 hnin per set 
Type Horizontal-shaft centrifugal type 
Freon pump No. of sets 4 
Flow rate 22 m3 /min per set 
Warm water Intake method Open channel 6m x 10m 
intake Intake depth -10m 
Cold water Intake method Tunnel6m</> 
intake Intake depth -600m 
Drain Drain method 
Tunnel 12m</> for combined cold water and 
warm water drain 
Drain depth -200m 
TABLE 1-- General Outline of lO-megawatt Plant 
6300 t/h 
24.5°C OV Generator 
10.6 aU MSV 
30.0~ Evaporator x 8 sets Turbine x 2 sets 
°A 
Warm surface seawater: 30.0°C 
Turbine 
bypas. valve 
Freon R·22 
Condenser 
x 8 seU 
IO.8°C 
Cold water 
Freon pump 
(J 200kW) x 4 seU 
Note : Gross output: IO,OOOkW 
Net output: 5200kW 
Total station service power: 4800kW 
] 
c-Z=C 
~~-,.H"Tr1"TT"T7i1 !";;7]77" 
N 
200m depth 
...Jl. 600m depth 
Cold deep seawater: 7.0°C 
Fig. 7. Heat Balance for lO,OOOkW Power Plant 
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TROPICAL STORM HITS TAHITI 
In mid-April a typhoon passed directly 
over Tahiti, the site of the French OTEC 
pilot-plant project. The storm was the 
most severe on record for that area, with 
winds in excess of 100 miles an hour. Wave 
data were collected at the site during the 
event, and other storm effects were ob-
served. . 
The proposed OTEC site is protected 
on all quadrants except the north, and the 
storm approached from the west. Waves 
four meters high were recorded by a wave-
(continued from Page 3) 
the upper portion would be tunneled is 
not certain. 
Another interesting aspect of the pro-
posed second Nauru plant is the continued 
use of Freon as a working fluid, despite its 
lower performance characteristics in com-
parison with ammonia. The selection of 
non-inflammable, non -toxic Freon as a 
working fluid illustrates the extreme sen-
sitivity of Japanese industry to the envi-
ronmental impact of emerging technolo-
gies. Researchers feel confident, however, 
that sufficient system performance can be 
obtained through optimal heat-exchanger 
designs. The use of shell-and-tube heat 
exchangers facilitates mechanical cleaning 
using sponge balls. 
Mr. Ito noted that some technical prob-
lems still remain for scaling up to a com-
mercial level. These include increasing the 
volume of the cold-seawater intake, re-
ducing the size of heat exchangers, and im-
proving the performance of the working 
fluid. OE will continue to monitor the 
progress of the second-generation Nauru 
project. 
Conceptual designs for two other dem-
onstration plants have also been completed 
although details are not yet available. The 
first is a one-megawatt floating platform 
with suspended cold-water pipe for Agu-
nishima off Okinawa. Site surveys have 
been completed. The second is a three-
megawatt shelf-mounted plant for Kume-
shima, also off Okinawa. 
Portions of this article are based on in-
formation supplied to OE by Joseph R. 
Vadus of NOAA, who received it through 
the US - Japan Co-operative Program on 
Natural Resources (see the July 1982 issue 
of ~El. 
Part 2 of this series, scheduled to appear 
next month, will focus on heat-exchanger 
R&D in Japan . Several different types of 
heat exchangers have been tested in Japan, 
and the results were presented at the 
ASM E - JSM E Joint Thermal Conference 
held in Hawaii in March. 
Many subscribers did not receive the 
August 1981 issue of OE. Reprints have 
now been made, and can be obtained by 
contacting the newsletter office . 
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rider buoy at the site . These waves are two 
meters less than the design height of six 
meters. No unusual sediment motion or 
bottorft changes were observed. No detailed 
analysis of currents was made during the 
storm, however six months of current data 
have been obtained at the site. These mea-
surements indicate a surface current speed 
of 1. 5 knots and a subsurface speed of 0.5 
knots at the 3,000-foot depth. 
Indications are that the French pilot-
plant project is proceeding according to 
schedule. 
OTEC ACT REAUTHORIZATION 
The reauthorization of the OTEC Act 
of 1980, reported in OE last month, has 
cleared the House Merchant Marine and 
Fisheries Committee by a unanimous vote. 
In the full committee mark-up, several 
changes were made in the bill, as reported 
earl ier. 
The budget for NOAA's OTEC adminis-
tration and licensing program was increased 
from $470,000 to $620,000 for FY '84 
and $800,000 for FY '85. The increase is 
intended primarily to fund environmental-
impact studies . A second amendment, pro-
posed by Congressman Norman D'Amours, 
requires NOAA to prepare a report for Con-
gress on what NOAA can and should do 
to promote the export of OTEC and OTEC 
technology. 
A Senate version of the reauthorization 
bill has been reported out of the Commerce 
Committee. This version contains no tech-
nical amendments, and keeps the FY '85 
authorization at $620,000 instead of the 
$800,000 authorized in the House version. 
Meetings 
OCEANS '83 
Due to the overwhelming response to 
the call for papers, a second OTEC session 
has been added to the Oceans '83 Confer-
ence program. The annual meeting, co-
sponsored by the Marine Technology So-
ciety and the I nstitute of Electrical and 
Electronic Engineers, will take place at 
the San Francisco Hilton August 29th 
through September 1 st. 
The first OTEC session will be a pre-
sentation of six national OTEC program 
overviews. In addition to the US program, 
Japanese, French, Dutch, Swedish, and 
Soviet OTEC programs will be summarized 
by authors from the respective countries. 
The second OTEC session will focus on 
technical devefopments and other more-
specific issues. 
Further information and registration ma-
terials may be obtained by writing to the 
Oceans '83 Technical Program Chairman, 
Post Office Box 71030, Sunnyvale, Cali-
fornia 94086. 
US GOVERNMENT 
PROCUREMENT INVITATIONS 
AND CONTRACT AWARDS 
Listed below are procurement invita-
tions and contract awards related to OTEC 
in particular and ocean resources in general 
culled from the Commerce Business Daily. 
This is not to be construed, however, as a 
complete list. 
Apr 4: Continue the Work in Physical 
Oceanography and the High-Energy Ben-
thic Boundary Layer Experiment Areas: 
Contract N00014-82-C-0019, February 
23rd, 1983 (no RFP), $369,217, awarded 
to the Woods Hole Oceanographic Institu-
tion, Woods Hole, Massachusetts 02543. 
Office of Naval Research, 800 North Quin-
cy Street, Arlington, Virginia 22217. 
Apr 4: Continued Oceanographic Re-
search With Emphasis on the Caribbean 
Sea and Gulf Stream: Contract N00014-
80-C-0113, March 14th, 1983 (no RFP), 
$908,409, awarded to the Texas A&M Re-
search Foundation, FE Box H, College Sta-
tion, Texas 77843. Office of Naval Re-
search, 800 North Quincy Street, Arling-
ton, Virginia 22217. 
Apr 7: Technology Commercialization 
Center Program to Operate Two Technol-
ogy Commercialization Centers for a Pe-
riod of 12 Months Each Beginning on or 
About June 1st, 1983 in the New York 
City Area and Puerto Rico: Federal funds 
are estimated at $150,000 for each center 
with a 10% cost-sharing requirement (any 
combination of case, in-kind, or fees for 
services). Two separate awards will be 
made. Reference may be made to catalog 
of federal domestic assistance: 11 .814 mi-
nority business development. The appli-
cant shall be expected to provide and/or 
broker those services necessary to move 
technology-based products from the initial 
evaluation stage through the product de-
velopment phase into commercial ization. 
These services shall benefit those minor-
ities capable of engaging in technology-
based and growth-oriented businesses, in-
ventors, innovators, and sources of finan·· 
cial assistance. The closing date for receipt 
of applications is April 30th, 1983. US De-
partment of Commerce, New York Region-
al Office, Minority Business Development 
Agency, 26 Federal Plaza, Room 36-116, 
New York, New York 10278. 
Apr 18: Ocean Technology Research 
Study: Contract N00014 - 83 - C - 0303, 
March 22nd, 1983, $209,918, awarded to 
Science Applications Incorporated, 1200 
Prospect Street, La Jolla, Cal ifornia 92038. 
Contracting Officer, Office of Naval Re-
search, 800 North Quincy Street, Arling-
ton, Virginia 22217. 
Apr 18: OTEC Program Support Servi-
ces: Contract DE-AC-02-78-ET-21002. 
A018, $140,000, awarded to the VSE Cor-
poration, Alexandria, Virginia 22303. US 
Department of Energy, Chicago Operations 
Office, Acquisition and Assistance, 9800 
South Cass Avenue, Argonne, Illinois 
60439. 
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